Purpose: The purpose of this meta-analysis was to evaluate the sensitivity and specificity of computed tomography perfusion (CTP) in diagnosing acute ischemic stroke in patients presenting to the emergency department with stroke-like symptoms. Methods: Medline, Cochrane, EMBASE, and Google Scholar databases were searched until November 5, 2014 using the following terms: magnetic resonance imaging/MRI, computed tomography/CT, and stroke. Randomized controlled trials, retrospective, and case-controlled studies were included which evaluated patients who presented for emergency assessment of stroke-like systems. Diffusion weighted imaging (DWI) was used as reference standard. Only studies published in English or Chinese were included. Quality assessment and sensitivity analysis were performed to evaluate that strength of the data. Results: The analysis included six studies with a total of 1429 patients. The pooled overall sensitivity for CTP indicated it had reasonable sensitivity (55.7%) and high specificity (92%). Subgroup analysis indicated that of the different CTP modes, MTT and CBF had higher sensitivities (48.6% and 47.3%, respectively) than CBV (26.3%). CBF and CBV had higher specificity (91.0% and 95.4%, respectively) compared with MTT (86.6%). Conclusion: All three CTP modes had adequate sensitivity but very high specificity, and among the three CTP modes, CBF had the best diagnostic characteristics.
Introduction
Accurate initial evaluation and management of acute stroke is critical and usually relies upon diagnosis in the emergency room. Currently, there are limitations in the ability to clinically recognize acute ischemic stroke resulting in low rate of thrombolytic treatment [7, 8, 10] ; only about 1-2% of all stroke patients receive acute thrombolytic therapy [3, 5, 13] . Treatment guidelines recognize that there is limited research and data on how best to detect and treat acute ischemic stroke [1] .
Magnetic resonance imaging (MRI), particularly diffusion weighted imaging (DWI) and apparent diffusion coefficient maps, is considered the most reliable imaging test for acute ischemic stroke [4, 16] . MRI is in general though to be better than computed tomography (CT) for diagnosing acute stoke [4] . However, adding CT perfusion (CTP) to non-contrast CT increases the diagnostic accuracy of detecting acute ischemic stroke [14] . Within the first few hours of symptom onset, CTP is at least twice as sensitive as non-contrast-enhanced CT alone [14, 17] . It also has the advantage that it is more widely available in the emergency department setting compared to MRI.
A number of studies have evaluated the diagnostic accuracy of CTP for detecting ischemic stroke. The purpose of this meta-analysis was to evaluate the sensitivity and specificity of CTP in detecting acute ischemic stroke.
Material and methods

Search strategy
This meta-analysis was performed in accordance with the PRISMA guidelines. Medline, Cochrane, EMBASE, and Google Scholar databases were searched until November 5, 2014 using the following terms: magnetic resonance imaging/MRI, computed tomography/CT, and stroke. Randomized controlled trials (RCTs), retrospective, and case-controlled studies were included that evaluated patients who presented for emergency assessment of stroke-like systems. Only studies published in English or Chinese were included. Studies with patients who had a history of stoke or brain lesion (eg, brain tumor or trauma etc.) were excluded.
Cohort studies, letters, commentaries, editorials, case reports, proceedings, and personal communication were also excluded. Potential studies were reviewed by two independent reviewers. Where there was uncertainty regarding eligibility, a third reviewer was consulted.
Data extraction and quality assessment
The following information was extracted from the included studies: the name of the first author, year of publication, study design, number of participants in each group, participants' age and gender, and the major outcomes.
Quality of the included studies was evaluated using QUADAS [20] .
Statistical analysis
The primary outcome was the sensitivity and specificity of CTP in detecting acute ischemic stroke in patients who presented for emergency assessment of stroke-like symptoms. Sensitivity and specificity were used as the indices for accuracy of the diagnostic tool and were displayed using forest plots. Study heterogeneity was assessed by Cochran's Q statistic, which assesses the weighted sum of the squared deviations of the estimates of all studies, and I 2 which evaluates the percentage of the observed between-study variability caused by heterogeneity. Pooled estimates of sensitivity and specificity were performed by random-effects models (DerSimonian-Laird method) if heterogeneity was detected (I 2 N 50% or p-value for Q statistics b0.1). Otherwise, fixed-effects models were used. Sensitivity analysis was performed based on the leave-one-out approach. Subgroup analysis was also performed according to CTP modes. A two-sided p value b 0.05 was considered statistically significant. All statistical analyses were performed using Comprehensive Meta-Analysis, version 2.0 (Biostat, Englewood, NJ, USA).
Results
Search results
The initial search identified 331 potential studies of which 312 were eliminated for not be relevant (Fig. 1) . Nineteen studies were fully evaluated for inclusion and 13 were excluded for not reporting the data quantitatively, evaluating ischemic attack, and the reference imaging not being DWI.
Six studies were included in the meta-analysis [9, 11, 12, 14, 18, 19] . The six studies included 1429 patients and across the studies the number of patients ranged 100 to 452. All were retrospective studies. In the studies that reported age and gender, the median age was from 57 to Fig. 2 . Forrest plots of (A) sensitivity and (B) specificity for cerebral blood volume (CBV), mean transit time (MTT), cerebral blood flow (CBF), and total CT perfusion imaging for detecting acute stroke. 67 years and the percentage of males ranged from 37% to 69%. The time from symptoms onset to CTP varied from 35 min to ≧24 h. All studies used diffusion-weighted imaging (DWI) as the reference standard of diagnostic tool (Table 1) .
Meta-analysis
Five of the six studies were included in the meta-analysis that assessed the overall sensitivity and specificity of CTP; one of which [12] did not report sensitivity and two of which [9, 12] did not report specificity. A random-effect model was used to determine the pooled estimates for sensitivity and specificity as there was evidence of heterogeneity across the studies (Q = 17.49, p = 0.002, I 2 = 77.1% for sensitivity and Q = 7.57, p = 0.056, I 2 = 60.3% for specificity). The pooled overall sensitivity was 55.7% (95% CI = 46.4%, 65.1%) and pooled overall specificity was 92% (95% CI = 81.5%, 100.0%) ( Fig. 2A and B) . Subgroup analysis was performed to assess diagnostic abilities of different CTP modes. Four studies provided sensitivity findings for cerebral blood volume (CBV) and mean transit time (MTT) perfusion CT [11, 12, 18, 19] and three studies provided sensitivity values for cerebral blood flow (CBF). Heterogeneity was present across the studies for CBV and MTT ( Fig. 2A) , hence a random-effects model was used. No heterogeneity was apparent for evaluation of the sensitivity of CBF, therefore a fixed-effects model was used. Results showed that MTT had the highest sensitivity among all CTP modes (48.6%), followed by CBF (47.3%) and CBV (26.3%) ( Fig. 2A) .
Three studies provided the results for specificity for CBV and MTT [11, 12, 19] while two provided this information for CBF [11, 19] . No heterogeneity was detected for CBF, CBV or MTT (Fig. 2B) , and consequently a fixed-effect model was used. The estimate for specificity was 91.0%, 95.4% and 86.6% for CBF, CBV and MTT, respectively (Fig. 2B ).
Sensitivity and quality assessment
Sensitivity analyses using the leave-one-out approach for the overall sensitivity and specificity of CT perfusion indicated that no one study significantly altered the magnitude of the pooled estimates indicating the data has good reliability ( Fig. 3A and B) .
Quality assessment indicated the studies and data were of good quality (Fig 4) . There was low risk of bias for the reference standard, the flow and timing of the study, and few applicability concerns for patient selection, index test, and the reference standard. However, four of the six studies had a high risk of bias for patient selection.
Discussion
The purpose of this meta-analysis was to evaluate the sensitivity and specificity of CTP in diagnosing acute ischemic stroke in patients presenting to the emergency department with stroke-like symptoms. The analysis included six studies with a total of 1429 patients. The pooled overall sensitivity for CTP indicated it had acceptable sensitivity (55.7%) and high specificity (92%). Subgroup analysis indicated that all three CTP modes had relatively low sensitivity but very high specificity. MTT and CBF had higher sensitivities (48.6% and 47.3%, respectively) than CBV (26.3%). The very low sensitivity of CBV indicates that it has limited value for detecting ischemic stroke. CBF and CBV had higher specificity (91.0% and 95.4%, respectively) compared with MTT (86.6%). Among the three CTP modes, CBF had the best diagnostic accuracy for detecting acute ischemic stroke.
Our findings are consistent with a prior meta-analysis that also evaluated the diagnostic accuracy of CTP in detecting acute ischemic stroke [2] . The meta-analysis included 15 studies with a total of 1107 patients. Eight of the studies were prospective and seven were retrospective in Fig. 3 . Sensitivity analysis for the overall pooled estimates for the (A) sensitivity and (B) specificity of CT perfusion for detecting ischemic stroke. design. Four of the studies used MRI DWI as the reference standard and the others used focused ultrasound guided MRI and/or CT. The pooled analysis indicated the sensitivity for CTP was 80% (95% CI: 72-86%) and the specificity was 95% (95% CI: 86-98%) for diagnosing ischemic stroke. Subgroup analysis indicated that study design and having CTP within 6 h of symptom onset influenced the sensitivity and specificity of CTP, but the difference from the overall findings was not significant. Thirteen of the included studies specified the false-negative findings. Overall there were 92 false-negative CTP findings. The major reason for false-negative was the presence of lacunar infarct (n = 54). Other reasons were the infarct was located outside of the brain area covered by CTP (n = 31), motion artifacts (n = 5), and territorial infarct (n = 2). For all 15 studies, there were 13 false-positive findings; seven patients had transient ischemic attack, one patient had chronic ischemic lesion, and in five patients the cause was not specified. The higher sensitivity seen in the earlier meta-analysis likely reflects the differences in the studies included; the most recent study in the prior meta-analysis was 2010 and in our analysis four of the six studies were from 2013 and 2014.
There are several limitations to this analysis that should be considered when interpreting the findings. The number of studies included was small. In both ours and the prior meta-analysis the sensitivity of CTP was heterogeneous across the included studies (in our study the reported sensitivity values ranged from 0 to 90%). The range in sensitivity was dependent upon a number of factors including the size of the brain area that was evaluated, the type of infarction, and the methodology used (ie, MTT vs. CBV, time interval between symptom onset and CTP, etc) [9, 12, 19] . Other factors that may have affected sensitivity included patient characteristics, and post-processing and color map review methods [2] .
This meta-analysis found that CTP had reasonable sensitivity and high specificity in detecting acute ischemic stroke. Although the sensitivity of CTP to detect ischemic stroke was is somewhat limited with CTP, CTP has several advantage over MRI. First it is more commonly available in hospitals than MRI, and MRI is contraindicated for patients with cardiac pacemakers or metallic implants. CTP also has a very poor ability to detect lacunar infarcts [2, 6] ; however, new processing methods are being developed that improve the detection of lacunar infarcts [15] . As new technologies and software evolve that result in greater brain coverage and higher sensitivity, the diagnostic accuracy of CTP will only increase.
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